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,QWURGXFWLRQ
0XJKDOVUXOHGRYHUWKH,QGLDQ6XE&RQWLQHQWIRUPRUHWKDQ\HDUV'XULQJWKHLUUHLJQ
WKH\FRQVWUXFWHGPDQ\PDJQLILFHQWVWUXFWXUHV2QHRIWKHVHEXLOGLQJVLVWKH7RPERI-DKDQJLU7KHWRPERI(PSHURU
-DKDQJLUZKR UXOHG ,QGLDQ VXEFRQWLQHQW  LV D MHZHO LQ WKH FURZQRI0XJKDO DUFKLWHFWXUH 7KH WRPE LV
VLWXDWHGLQ/DKRUHLQ4XHHQ1RRU-DKDQ¶VROGSOHDVXUHJDUGHQNQRZQDV'LONXVKD*DUGHQ7KHPDXVROHXPLVORFDWHG
DW6KDKGDUDRQWKHEDQNRIWKH5DYLWKUHHPLOHVQRUWKZHVWRIWKHFLW\,QWKHFHQWUHRIZKLFKVWDQGVWKHPDJQLILFHQW
VHSXOFKUH RI -DKDQJLU FRQVLGHUHG E\ VRPH WR EH WKH ³)LQHVW RUQDPHQW RI /DKRUH´ DQG E\ RWKHUV ³7KH PRVW
PDJQLILFHQW HGLILFH LQ WKH VXEFRQWLQHQW DIWHU WKH 7DM0HKDO DQG WKH4XWXE0LQDU´ 8QIRUWXQDWHO\ WKLVPRQXPHQW
VXIIHUHGEDGO\QRWRQO\GXHWRWKHYDJDULHVRIWLPHEXWDOVRGXHWRH[WHQVLYHYDQGDOLVPGRQHE\WKH6LNKUXOHUVDQG
ODWHURQGXHWRLPSURSHUXVHE\%ULWLVK$GPLQLVWUDWLRQRIWKH6XEFRQWLQHQW7KHQDWXUDOFOLPDWHDOVRSOD\HGWKHLUUROH
LQWKHGHVWUXFWLRQDQGGLODSLGDWLRQRIWKHPRVWEHDXWLIXOFRPSOH[RIWKH0XJKDOSHULRGLQWKLVSDUWRIWKHZRUOG7KH
XQSUHFHGHQWHGIORRGRISOD\HGKDYRFZLWKWKHHQFORVXUHZDOORI WKHPRQXPHQWV9DULRXVIORRGVLQ WKHVHFRQG
KDOI RI WKH WK FHQWXU\ DOVR FRQWULEXWHG LQ WKH GHYDVWDWLRQ RI WKHQ JDUGHQV DQG WKHVH PRQXPHQWV 7R EULQJ WKLV
KLVWRULFDOMHZHOEDFNWRLWVRULJLQDOVWDWH*RYWRI3DNLVWDQLVSD\LQJDWWHQWLRQWRZDUGVWKHUHKDELOLWDWLRQRIWKLVPDVWHU
SLHFHRI0XJKDODUFKLWHFWXUH2XUUHVHDUFKLVEDVHGRQWKHVWDQGDUGL]DWLRQRI WKHVSHFLDO W\SHRI OLPHPRUWDUZKLFK
ZDVXVHGLQWKHFRQVWUXFWLRQRIWKLVEXLOGLQJ1RZIRUWKHUHKDELOLWDWLRQWKHOLPHPRUWDUZLWKVDPHFRQVWLWXHQWVZDV
UHTXLUHG
7KLVVSHFLDOW\SHRIOLPHPRUWDUXVHGLQWKHVHEXLOGLQJV0XJKDOHUDGXULQJFRQVWUXFWLRQLVQDPHGDV.DQNDU/LPH
0RUWDU ,WFRQVLVWVRI+\GUDXOLF/LPH:KLWH/LPHDQG&RDUVH.DQNDU/LPH)RU WKHUHKDELOLWDWLRQRIGHVWUXFWHG
SDUWVRI WKHVDLGEXLOGLQJWKHPRUWDURIVDPHFRPSRVLWLRQ1DWXUHZDVUHTXLUHGDVXVHGLQFRQVWUXFWLRQ%HIRUH
WKLVUHVHDUFKNDQNDUOLPHZDVSUHSDUHGZLWKUDQGRPPL[LQJRIWKHFRQVWLWXHQWVDQGZDVXVHGLQWKHGHVWUXFWHGSDUWV
RIWKHEXLOGLQJ%XWWKLVPDWHULDOGLGQRWVHUYHWKHSXUSRVHDVLWVKRXOG6RWKHVWDQGDUGL]DWLRQRIWKLVPDWHULDOZDV
UHTXLUHGVRWKDWLWFRXOGEHXVHGLQUHKDELOLWDWLRQRIDOOWKHEXLOGLQJVRIVDPHHUD)RUVWDQGDUGL]DWLRQWKHPDLQWDUJHW
ZDVWRILQGWKHPL[LQJWKHPDWHULDOLQVXFKDZD\DQGLQVXFKFLUFXPVWDQFHVVRDVWRJHWPD[LPXPFRPSUHVVLYH
VWUHQJWKDQGFUDFNIUHHVXUIDFHDQGWRXVHWKLVPDWHULDOWRUHSDLUGHVWUXFWHGZDOOVE\PHWKRGVRIUHSDLURIZDOOV7KH
WHFKQLTXHV XVHG LQ WKH UHKDELOLWDWLRQ RI RWKHU OLPH EDVHG KLVWRULFDO EXLOGLQJ ZHUH UHYLHZHG 7KH UHDVRQ RI
VWDQGDUGL]DWLRQZDVWKDWWKHOLWHUDWXUHDYDLODEOHRQOLPHPRUWDUZDVQRWGLUHFWO\DSSOLFDEOHRQWKHOLPHPRUWDUZKLFK
ZDVWREHXVHGLQUHKDELOLWDWLRQ&RQVHUYDWLRQRIWKHVDLGWRPE
&RPSRVLWLRQRIOLPHPRUWDU
$V GHVFULEHG EHIRUH WKDW WKLV LV D PDWHULDO ZKLFK KDYH EHHQ XVHG LQ 0XJKDO HUD
IRUWKHFRQVWUXFWLRQRIEXLOGLQJV,WLVFRPSULVHGRIIROORZLQJFRQVWLWXHQWVDVEHORZ
x 1DWXUDO+\GUDXOLF/LPH1+/
x :KLWH/LPH
x &RDUVHNDQNDU/LPH
2.1 Natural Hydraulic Lime (NHL) 
1DWXUDO K\GUDXOLF OLPH LV PDGH IURP OLPHVWRQH WKDW FRQWDLQV LPSXULWLHV VXFK DV
FOD\RUVLOLFDWHV8QOLNHOLPHSXWW\ZKLFKLVQRQK\GUDXOLFOLPH1+/FDQVHWLQGDPSFRQGLWLRQVLQGHHGLWUHTXLUHV
ZDWHUIRUDPLQLPXPSHULRGRIDURXQGKRXUVWRJDLQPD[LPXPVWUHQJWK+\GUDXOLFLW\LVWKHSURSHUW\RIDELQGHU
WRKDUGHQLQFRQWDFWZLWKZDWHUDQGLWLVSURGXFHGE\EXUQLQJDOLPHVWRQHFRQWDLQLQJVLOLFDDOXPLQDDQGLURQR[LGHV
ZKLFK DERYH FHUWDLQ WHPSHUDWXUH FRPELQH WRWDOO\ RU SDUWLDOO\ ZLWK FDOFLXP R[LGH 1+/ZRUNV E\ VHWWLQJ LQ WKH
SUHVHQFH RI ZDWHU DQG 1+/PRUWDUV FXUHG DW KLJK KXPLGLW\ OHYHO LQ QDWXUDO DQG DUWLILFLDO HQYLURQPHQWV SUHVHQW
LQWHUHVWLQJUHVXOWVDQGVRPHFRXOGEHXVHGLQROGPDVRQULHVUHSDLU
2.1.1. Properties of NHL mortars
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¾ $JOREDO DQDO\VLV UHYHDOV WKDWPRUWDUV LQ KXPLG FXULQJ FRQGLWLRQV SUHVHQW KLJKHVW YDOXH RI IOH[XUDO
VWUHQJWK
¾ 7KHPDLQKDUGHQLQJUHDFWLRQLQ1+/PRUWDUVLVFDUERQDWLRQ+RZHYHUK\GUDXOLFFRPSRXQGVDUHDOVR
IRUPHGZKLFKLQFUHDVHWKHPHFKDQLFDOVWUHQJWKDQGLPSURYHWKHUHVLVWDQFHWRZDWHUDFWLRQ

2.1.2. Workability and Strength 
1+/ PRUWDUV DUH RIWHQ GHVFULEHG DV KLJKO\ ZRUNDEOH +RZHYHU GXH WR PDQ\
YDULDEOHVFRQWULEXWLQJWRZRUNDELOLW\WKLVLVGLIILFXOWWRTXDQWLI\:RUNDELOLW\ODUJHO\GHSHQGVRQZDWHUFRQWHQW
DQG WKLV ZLOO JUHDWO\ DIIHFW WKH FRPSUHVVLYH DQG IOH[XUDO VWUHQJWK ZKLFK LQ WXUQ ZLOO GHWHUPLQH WKH RYHUDOO
TXDOLW\DQGGXUDELOLW\RIPRUWDU
9HU\KLJKVWUHQJWKLVQRWXVXDOO\UHTXLUHGIRUEXLOGLQJPRUWDUV$QXQQHFHVVDULO\VWURQJPRUWDUZLOOFRQFHQWUDWH
WKHHIIHFWVRIDQ\GLIIHUHQWLDOPRYHPHQWEHWZHHQWKHPRUWDUDQGEULFNZRUNDQGFUDFNVPD\DSSHDUZKLFKFRXOG
UHGXFH WKHGXUDELOLW\ DQG LQFUHDVH WKH ULVNRISHQHWUDWLRQE\ UDLQ%XW WKHUH VKRXOGEH DGHTXDWH FRPSUHVVLYH
VWUHQJWKWRRIPRUWDUWREHDUWKHORDGRIPDVRQU\

2.2. White lime 
:KLWH OLPH 0DLQO\ FRPSRVHG RI &D2 ZKLFK LV RQH RI WKH PDLQ FRQVWLWXHQW RI WKH NDQNDU OLPH
PRUWDU IRU XVH LQ UHKDELOLWDWLRQ RI WKH -DKDQJLU¶V WRPE ,W ZDV XVHG DV D FRELQGHU DORQJ ZLWK 1+/ LQ WKH
FRQVWUXFWLRQRIEXLOGLQJVLQ0XJKDOSHULRG1RZDGD\LWLVDQHDVLO\DYDLODEOHPDWHULDODQGLVXVHGIRUZKLWHZDVK
RIORZTXDOLW\%HIRUHXVLQJLWLVVRDNHGFRPSOHWHO\LQZDWHUVODNLQJIRUDWOHDVWKRXUVWRUHPRYHLWVKHDWGXH
WRWKHIRUPDWLRQRI&D2+%HFDXVHZKHQLWLVXVHGLQGU\IRUPZLWKRXWVODNLQJIRUWKHUHTXLUHGWLPHSHULRGLQ
WKHPL[ LWFDXVHVHYDSRUDWLRQRIZDWHUUHTXLUHGIRUQHFHVVDU\FKHPLFDOUHDFWLRQVWR WDNHSODFH6R WRXVHLQ OLPH
PRUWDULWLVVRDNHGLQZDWHUIRUKRXUVDWOHDVWWRDYRLGUDSLGKHDWDFFXPXODWLRQZKLFKFDXVHVFUDFNVDVZHOODV
VWUHQJWKSUREOHPV

2.3. Coarse kankar Lime 
7KLV LV DPDWHULDOZKLFK LV SUHSDUHG E\ EXUQLQJ WKH OLPH QRGXOHV IRXQG LQ VRLO ,W LV WKH
PDLQO\XVHDVFRDUVHDJJUHJDWH,Q0XJKDOHUDWKLVPDWHULDOKDGEHHQXVHGDEXQGDQWO\LQPRUWDUIRUWKHFRQVWUXFWLRQ
RI IRUWV WRPEVDQGRWKHUKLVWRULFDOEXLOGLQJV ,Q WKH UHKDELOLWDWLRQ WKLVPDWHULDO LVXVHG LQ OLPHPRUWDUDORQJZLWK
K\GUDXOLF OLPH DQG ZKLWH OLPH 1R GRXEW LWV VWUHQJWK LV PXFK OHVVHU WKDQ VWRQH DJJUHJDWHV EXW IRU WKH VDNH RI
UHKDELOLWDWLRQWKHVDPHPDWHULDODVFRQVWUXFWHGLVWREHSUHSDUHG7KHSUREOHPDVVRFLDWHGZLWKWKLVPDWHULDOLVLWV
KLJKZDWHUDEVRUSWLRQZKLFKFDXVHVUHGXFWLRQLQVWUHQJWKLQILQDOPDWHULDO7RXVHWKLVPDWHULDOIRUUHKDELOLWDWLRQRI
EXLOGLQJVRI0XJKDOHUDZHKDYHSURSRVHGWKHOLPLWVRIZDWHUDEVRUSWLRQDIWHUSHUIRUPLQJYDULRXVWHVWVRQLW

$VVRFLDWHGSUREOHPV
)RU WKH SXUSRVH RI VWDQGDUGL]DWLRQ WKH DYDLODEOH OLWHUDWXUH RQ WKH OLPH ZDV WKRURXJKO\
UHYLHZHG SDUWLFXODUO\ UHODWHG WR WKHPL[LQJPHWKRGV DQG VWUHQJWK DFKLHYLQJ SKHQRPHQRQ RI OLPHPRUWDUV 7KHUH
ZHUHIROORZLQJSUREOHPVZKLFKZHUHQHFHVVDU\WRUHVROYH
x :DWHU1+/UDWLR
x 0L[UDWLR
x ,QLWLDOVHWWLQJWLPH
x :DWHUDEVRUSWLRQOLPLWIRUFRDUVHNDQNDUOLPH
x *UDGDWLRQRIFRDUVHNDQNDUOLPH
:DWHU LVPDLQFUDFNFRQWUROOLQJDJHQW LQ OLPHPRUWDUV ,WZDVYHU\LPSRUWDQW WRGHWHUPLQHWKHWKUHVKROGOLPLWVIRU
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ZDWHUDPRXQWLQVXFKDZD\WKDWWKHFUDFNVFRXOGEHPLQLPL]HGDVZHOODVFDUERQDWLRQDQGK\GUDWLRQUHDFWLRQVPD\
DOVR UHPDLQ XQGLVWXUEHG 7KH WHPSHUDWXUH RI WKH DUHD LQ ZKLFK WKH EXLOGLQJ LV VLWXDWHG UHDFKHV XS WR  & LQ
VXPPHUZKLFKLVWRRKRWWRFDXVHWKHUDSLGHYDSRUDWLRQRIZDWHU OHDYLQJFUDFNVRQWKHVXUIDFHRIPRUWDU6RWKH
ZDWHUFRQWHQWPXVWEHLQVXFKDUDQJHWKDWLWPD\QRWFDXVHVWUHQJWKSUREOHPVZLWKPD[LPXPZRUNDELOLW\,QLWLDO
VHWWLQJ WLPHZDV QRW NQRZQ7KH FRPPRQSUDFWLFH LQ WKH ILHOGZDV WR SUHSDUH WKHPDWHULDO LQ EXON DQG WKHQ XVH
DFFRUGLQJ WR WKH UHTXLUHPHQW 7KLVZDV DOVR WKHPDLQ UHDVRQ RI FUDFNV JHQHUDWLRQ DIWHU VRPH WLPH RI OD\LQJ WKH
PRUWDUEHFDXVHQRGRXEWWKLVPDWHULDOJDLQVVWUHQJWKYHU\VORZO\EXWLWKDVDSDUWLFXODULQLWLDOVHWWLQJWLPHZKLFKLI
SDVVHVUHGXFHVWKHVWUHQJWKRIILQDOVXUIDFHVLJQLILFDQWO\
,QWKHSUHYLRXVWZRWRWKUHHGHFDGHVWKHDUFKDHRORJLVWVRI3DNLVWDQWULHGWRUHKDELOLWDWHVRPHRIWKHGHVWUXFWHGSDUWV
RIWKHKLVWRULFDOEXLOGLQJQRGRXEWWKH\GLGDORWRIZRUNWRSUHSDUHWKHPDWHULDORIUHTXLUHGFKDUDFWHULVWLFVEXWWKH\
XVHGWKHWHQWDWLYHFRPSRVLWLRQ7KH\ZHUHQRWVXUHDERXWWKHUHVXOWRIXVLQJWKHOLPHPRUWDU6RDWVRPHSODFHVWKH
PDWHULDOXVHGZDVRIVXFKDJRRGSURSRUWLRQWKDWHYHQDVLQJOHFUDFNLVQRWWKHUHRQWKHVXUIDFHXSWLOOQRZEXWRQ
WKH RWKHU KDQG WKH VDPH PL[ JDYH XQVDWLVIDFWRU\ UHVXOWV 7KLV WKLQJ GUDJJHG XV WRZDUGV VWDQGDUGL]DWLRQ RI WKLV
PDWHULDO
7KHDLPZDVWRVWDQGDUGL]HWKHSURSRUWLRQZDWHUWRK\GUDXOLFOLPHUDWLR3DUWLFOHVL]HGLVWULEXWLRQDQGWRGHWHUPLQH
LQLWLDOVHWWLQJWLPHRIWKHELQGHU+\GUDXOLFOLPH:KLWHOLPH

6WDQGDUGL]DWLRQ
)RUVWDQGDUGL]DWLRQWKHIROORZLQJSDUDPHWHUVZHUHGHWHUPLQHG
x 0L[5DWLR
x :DWHU+/UDWLR
x ,QLWLDOVHWWLQJWLPH
x :DWHUDEVRUSWLRQOLPLW
x *UDGDWLRQRIFRDUVHNDQNDUOLPH
7KHSURFHGXUHDQGH[SODQDWLRQRIZRUNZKLFKZDVFDUULHGRXWDQGREVHUYDWLRQVZKLFKZHUHZLWQHVVHGDUHJLYHQ
EHORZ
4.1. Mix Ratio 
,QUHKDELOLWDWLRQRIWKH-DKDQJLU¶VWRPEWKHUHZHUHWZRGLIIHUHQWDUHDVZKHUHWKHXVHRIOLPHPRUWDU
ZDVUHTXLUHG
x 'HVWUXFWHGZDOOV
x 8VHRIOLPHPRUWDUIRU3ODVWHULQJ
7R VWDQGDUGL]H WKH PDWHULDO IRU UHKDELOLWDWLRQ WKH UDWLRV ZKLFK KDG EHHQ XVHG LQ WKH SDVW IHZ GHFDGHV IRU WKH
UHKDELOLWDWLRQRIRWKHUEXLOGLQJVZHUH WDNHQ DV VWDUWLQJSRLQW7KHQZH FKHFNHG WKH UHVXOWV RI WKRVHPDWHULDOV$W
VRPH SODFHV WKHPDWHULDO EHKDYLRXUZDV YHU\ JRRG DW VRPH RWKHU LWZDV QRW VDWLVIDFWRU\$V WKHUHZDV QRZRUN
FDUULHGRXWRQWKHVWDQGDUGL]DWLRQLQWKHSDVWVRWKHPL[UDWLRXVHGZDVDOVRWHQWDWLYH7RXVHWKHPDWHULDOWRUHSDLU
GHVWUXFWHGZDOOVWKHPHWKRGVJLYHQLQOLWHUDWXUHZDVIROORZHG
4.1.1. For Plastering 
7R VWDQGDUGL]H WKH PL[ UDWLR IRU SODVWHULQJ GLIIHUHQW PL[ ZHUH SUHSDUHG ZLWK GLIIHUHQW
FRQVWLWXHQWVUDWLR1+/:KLWH/LPHVODNHG&RDUVHNDQNDUOLPH7KHEHKDYLRXU
ZDVFKHFNHGE\SODFLQJWKRVHPDWHULDOVRQZDOO,WZDVREVHUYHGWKDWZKHQWKHPDWHULDOZDVPL[HGLQUDWLR,W
JDYHFUDFNIUHHSODVWHUHGVXUIDFHZKLOHRWKHUVJRWFUDFNHG7KHUHDVRQLVGHILQLWHO\WKHYDULDWLRQLQWKHDPRXQWRI
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1+/ZKLFKLVWKHPDLQELQGLQJDJHQWLQWKHZKROHPL[%\YDU\LQJWKHDPRXQWRI1+/VXUIDFHVKULQNDJHH[WHQW
YDULHV8VLQJ WKLV UDWLR WKH VXFFHVVIXO UHVXOWV DUHEHLQJ DFKLHYHGZKHQDFWXDOO\XVHG LQSODVWHULQJRI VRPHRI WKH
ZDOOVLQWRPE
4.1.2. For laying of bricks (In brick masonry) 
)RU WKLV SXUSRVH WKH VDPH SURFHGXUH ZDV UHSHDWHG DV LQ FDVH RI
SODVWHULQJ7KLVWLPHDJDLQWKHVHYDOXHVZHUHWDNHQDQGOLPHPRUWDUZDVSUHSDUHGLQWKHIRUPRI´ FXEHV7KH
FRPSUHVVLYHVWUHQJWKRIWKHVHFXEHVZDVWHVWHGXVLQJXQLYHUVDOWHVWLQJPDFKLQH870,WFDPHWRRXUQRWLFHWKDW
WKHUHZHUHWZRUDWLRVZKLFKJDYHVDWLVIDFWRU\UHVXOWZLWKDOLWWOHGLIIHUHQFHWKDQWKHDOORWKHUUDWLRV7KRVHWZRUDWLRV
DUHDQGZKLFKJDYHDGHTXDWHVWUHQJWKWREHXVHGDVPL[UDWLRLQEULFNPDVRQU\OD\LQJRIEULFNV

7DEOH3URSRVHGPL[UDWLRVWRXVHLQUHKDELOLWDWLRQRIEXLOGLQJVRI0XJKDOUHLJQ
8VHRI.DQNDUOLPHPRUWDU 3URSRVHGPL[UDWLR1+/:KLWHOLPH&RDUVHNDQNDUOLPH
,Q3ODVWHU 
,QOD\LQJRIEULFNV%ULFNPDVRQU\ RU

4.2. Water/Lime ratio
$V OLPH PRUWDUV DUH ZLGHO\ DFNQRZOHGJHG WR EH PRUH HIIHFWLYH LQ WKH UHSDLU RI KLVWRULF
PRQXPHQWV LQIUDVWUXFWXUH ,W LV DOVRZHOO NQRZQ WKDW WKHZDWHUOLPH UDWLRKDV DPDUNHG HIIHFW RQ WKH VWUXFWXUDO
SHUIRUPDQFH RI OLPHPRUWDUV 6R LQ WKH VWDQGDUGL]DWLRQ RI NDQNDU OLPHPRUWDU WKH GHWHUPLQDWLRQ RI DSSURSULDWH
YDOXHRIZDWHU1+/ZDVQHFHVVDU\WRGHWHUPLQHVRDVWRJHWPD[LPXPSHUIRUPDQFHRIWKHPRUWDU$V:DWHU/LPH
UDWLR KDV D JUHDW LQIOXHQFH LQ WKH SUHSDUDWLRQ RI OLPH PRUWDU WKDW¶V ZK\ LW WDNHV D VSHFLDO DWWHQWLRQ ZKLOH
VWDQGDUGL]LQJDPDWHULDO
7R ILQG DQ DSSURSULDWH YDOXH RIZDWHUOLPH UDWLR$670&ZDV WDNHQ DV VWDQGDUG DV WKHUH LV DSSURSULDWH
PHWKRG JLYHQ WR ILQG VWDQGDUG FRQVLVWHQF\ RI OLPH SXWW\ 7KH VDPH SURFHGXUHZDV DGRSWHG IRU GHWHUPLQDWLRQ RI
ZDWHU UHTXLUHPHQW LQ UHKDELOLWDWLRQ DV LQ  ([SHULPHQW JDYH UHVXOW DV DYJ DQG LQ RUGHU WR FKHFN LWV
SHUIRUPDQFHLWZDVSODFHGRQWKHZDOODVSODVWHUXQGHUQDWXUDOFRQGLWLRQVDQGFXULQJZDVGRQHDIWHUHDFKKRXUV
IURPWKHGD\RISODFHPHQW$IWHUVXQQ\GD\VLWZDVREVHUYHGWKDWVXUIDFHKDGDORWRIFUDFNVZKLFKUHYHDOHGWKDWLW
KDGH[FHVVZDWHULQLWDQGFRQVLVWHQF\ZKLFKZHIRXQGFRXOGQRWEHXVHGDVVWDQGDUGRQH$VLQ)LJ


)LJ6KULQNDJHFUDFNVRQSODVWHU
7KHUHDVRQLVWKHUHDUHWZRELQGHUVLQWKHPL[DQGWKHZKLWHOLPHLVXVHGLQVDWXUDWHGIRUPLQRUGHUWRUHPRYHLWV
KHDWGXHWRWKHIRUPDWLRQRI&D2+DV'XHWRWKHFRPELQDWLRQRIWKHVHWZRELQGHUVWKHDFWXDOZDWHUWROLPHUDWLR
ZDVQHFHVVDU\ WRGHWHUPLQH7KHFUDFNVJHQHUDWHGRQVXUIDFHRISODVWHU LQGLFDWH WKDW WKHH[FHVVZDWHU LQ WKHPL[
ZKLFKFRDWVWKHSDUWLFOHVRIOLPHDQGDYRLGQHFHVVDU\&2WRHQWHUZKLFKLVQHFHVVDU\IRUFDUERQDWLRQDOVRLWFDXVHV
VKULQNDJHRIWKHPDWHULDOZKHQLWHYDSRUDWHV,QRUGHUWRILQGWKHVWDQGDUGYDOXHPDWHULDOEHKDYLRXUZDVREVHUYHG
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LQSODVWHUE\GHFUHDVLQJWKHYDOXHRI:DWHU/LPHDV,WZDVREVHUYHGWKDWDW
DQGOHVVHUUDWLR WKHSHUIRUPDQFHZDVIRXQGVDWLVIDFWRU\%XWDWUDWLRDQGOHVVHU WKHZRUNDELOLW\SUREOHP
ZDVREVHUYHG)XUWKHUPRUHWRFKHFNLWVVWUHQJWKLQFRPSUHVVLRQFXEHVRIGLPHQVLRQ´ ´ZHUHFDVWHGXVLQJUDWLR
DQGDQGWKHLUVWUHQJWKZDVFKHFNHGDIWHUGD\VLQDXQLYHUVDOWHVWLQJPDFKLQH
7DEOH/LPLWVRI:/UDWLRWRXVHLQ.DQNDUOLPHPRUWDU
:DWHU1+/UDWLR
0D[LPXPYDOXH 
0LQLPXPYDOXH 

2EVHUYDWLRQVUHYHDOHGWKDWLWKDGJRRGFRPSUHVVLYHVWUHQJWKDVZHOO$IWHUWDNLQJWKHVHREVHUYDWLRQVZHFDPHWRWKH
FRQFOXVLRQ WKDW LI RQH XVHV :/ UDWLR DV GHVFULEHG LQ 7DEOH  VKULQNDJH FUDFNV GXH WR H[FHVV ZDWHU FDQ EH
PLQLPL]HG
4.3. Initial Setting 
$VLWZDVDZURQJSUDFWLFHLQWKHILHOGSUHSDULQJWKHPDWHULDODWODUJHVFDOHIRUUHKDELOLWDWLRQDQG
XVHLWHYHQDIWHUWRKRXUVRIPL[LQJGXHWRZKLFKFRQVLGHUDEOHUHGXFWLRQLQWKHELQGLQJSURSHUWLHVZDVREVHUYHG
LQWKHIRUPRIFUDFNVODWHURQ7KHUHDUHWZRELQGHUVLQWKHPL[RQHRIWKHPLV1+/DQGWKHRWKHURQHLQZKLWHOLPH
,Q$670&± WKHUH LV DSURSHUPHWKRG WR ILQG WKH LQLWLDO VHWWLQJ WLPHRI OLPH8VLQJ WKH VDPHDSSDUDWXV
9LFDWDSSDUDWXVWKHLQLWLDOVHWWLQJWLPHRIWKHPL[RIWZRELQGHUV1DWXUDOK\GUDXOLFOLPH:KLWHOLPHZDVWHVWHG
DIWHUPL[LQJLQVWDQGDUGUDWLRIRUSODVWHUZLWKSURSRVHGZDWHU1+/8VLQJWKHYDOXHRILQLWLDOVHWWLQJWLPHE\
WKLV DSSDUDWXV ZKLFK FDPH RXW PLQXWHV  PLQXWHV$IWHU PLQXWHV IURPPL[LQJ WLPH WKHPDWHULDOZDV
SODFHGRQDZDOODVDSODVWHUDQGZDVZLWQHVVHGIRUDFRXSOHRIGD\V7KHFUDFNVJHQHUDWHGRQWKHVXUIDFHRIWKH
SODVWHU MXVW DIWHU D FRXSOH RI GD\V XQGHU VWDQGDUG FRQGLWLRQV 7KHQ WKH PDWHULDO ZDVPL[HG RQFH DJDLQ LQ VDPH
SURSRUWLRQ DVEHIRUH DQGSODFHGRQ WKHZDOO DIWHU     DQGPLQXWHV DIWHUPL[LQJ7KHQ WKHPDWHULDO
EHKDYLRXUZDVREVHUYHG,WFDPHWRRXUQRWLFHWKDWVDPSOHVSODFHGDIWHUPLQXWHVRIPL[LQJJRWFUDFNHGLQSODVWHU
MXVWDIWHUDIHZGD\V2QWKHKDQGXQGHUVDPHFRQGLWLRQVWKHVDPSOHVZKLFKZHUHSODFHGRQZDOODWDQGEHIRUH
PLQXWHVDIWHUPL[LQJUHPDLQHGXQFUDFNHGDIWHUHYHQRQHPRQWK$VLWLVVKRZQLQ)LJ


)LJ7LPHUHJLRQVIRU6DIHDQG&UDFNHGVDPSOHVDIWHUSODVWHULQJRQZDOO
7KHVDIHOLPLWIRUWKHNDQNDUOLPHPRUWDUWRDYRLGFUDFNVGXHWRLQLWLDOVHWWLQJWLPHSUREOHPFDQEHUHVROYHGE\XVLQJ
WKHPDWHULDOPD[PLQXWHV PLQXWHVDIWHUPL[LQJWKHFRPSRQHQWVRIPRUWDUNHHSLQJDOOWKHRWKHUSDUDPHWHUV
DFFRUGLQJ WR WKH SURSRVHG VWDQGDUGV 7KH9LFDW DSSDUDWXV GRHV QRW JLYH WKH VHWWLQJ WLPH GLUHFWO\ZKHQ ERWK WKH
ELQGHUVDUHXVHGFRPELQH3HUKDSVGXHWRWKLVUHDVRQWKHVHWWLQJWLPHZDVGLIIHUHQWWKDQDFWXDOZKHQIRXQGXVLQJWKLV
DSSDUDWXV$QRWKHUUHDVRQLVWKHZKLWHOLPHLVXVHGLQVDWXUDWHGIRUPDQGWKHZDWHURIVDWXUDWLRQIURPZKLWHOLPH
DFFHOHUDWHV WKH FKHPLFDO UHDFWLRQV DQG WKH VHWWLQJ WLPH GHFUHDVH ,Q FDVH RI UHSDLULQJ RI GHVWUXFWHG ZDOOV LW LV
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KRZHYHUDGYLVHDEOHWRXVHWKHVDPHOLPLWDWLRQRIWLPHWRJHWVDWLVIDFWRU\UHVXOWV,WZDVREVHUYHGWKDWWKHFUDFNVFDQ
EHVLJQLILFDQWO\DYRLGHGE\XVLQJDOO WKHPDWHULDOZLWKLQWKHSURSRVHGWLPHOLPLW7KHEHVWZD\RXWLVSUHSDUHWKH
PDWHULDOLQVPDOOEDWFKHVLQVXFKZD\WKDWDOORIWKHPL[HGPDWHULDOLVXVHGEHIRUHLQLWLDOVHWWLQJ
WLPHOLPLWZLWKFRQVLGHUDEOHIDFWRURIVDIHW\WRJHWJRRGUHVXOWV
4.4. Water absorption 
:DWHU DEVRUSWLRQ RI D PDWHULDO LV DOVR RQH RI WKH PDMRU FRQFHUQV ZKLOH VWDQGDUGL]LQJ D
PDWHULDO:DWHU DEVRUSWLRQ LV RQH SDUDPHWHU WKDW JLYHV LGHD DERXW WKH ILQDO VWUHQJWK DQG TXDOLW\ RI OLPHPRUWDU
$JJUHJDWHVZKLFKDEVRUEPRUHZDWHUDUHPRUHSRURXVLQQDWXUHDQGDUHJHQHUDOO\FRQVLGHUHGXQVXLWDEOHEDVHGRQ
VWUHQJWK7KHUHLVOLPLWIRUZDWHUDEVRUSWLRQRQFRDUVHDJJUHJDWHVZKLFKDUHXVHGQRZDGD\LQPRGHUQFRQVWUXFWLRQ
%XWIRUWKHNDQNDUOLPHWRXVHLQUHKDELOLWDWLRQWKHUHLVQRVWDQGDUGIRUZDWHUDEVRUSWLRQ$VWKHUHPXVWEHOLPLWRQ
FRDUVHDJJUHJDWHWRDEVRUEZDWHU'HQVLW\RINDQNDUOLPHDJJUHJDWHLVPXFKOHVVHUWKDQWKHVWRQHDJJUHJDWHKHQFH
WKHVWUHQJWKZKLFKLWZLOOLPSDUWWRPRUWDUZLOODOVROHVV
,Q VWDQGDUGL]DWLRQ RI FRDUVH DJJUHJDWH ZH VWDUWHG ZLWK $670 &  FULWHULD DQG SURFHHGHG E\ KLW DQG WULDO
PHWKRG:H WRRN GLIIHUHQW VDPSOHV DQG DSSOLHG ZDWHU DEVRUSWLRQ WHVW DQG ZH JRW GLIIHUHQW UHVXOWV IRU GLIIHUHQW
VDPSOHVDVDQG,QRUGHUWRFKHFNWKHLUVWUHQJWKWKHVDPHVDPSOHVZHUHSODFHGDVD
SODVWHURQ WKHZDOO DQGDIWHUGD\VXQGHU WKH WHPSHUDWXUHRI϶&FUDFNVZHUHREVHUYHGRQ WKH VXUIDFHRI WKHVH
VDPSOHVLQZKLFKDJJUHJDWHVXVHGZHUHRIZDWHUDEVRUSWLRQPRUHWKDQLWJDYHDGLUHFWLQGLFDWLRQWKDWLWKDG
YHU\OHVVVWUHQJWKZKLFKZDVQRWDFFHSWDEOH$FFRUGLQJWR$670&VWDQGDUGWKHPD[LPXPYDOXHIRUZDWHU
DEVRUSWLRQIRUFRDUVHDJJUHJDWHLQFDVHRIFRQFUHWHLVEXWLQRXUFDVHWKHFUDFNVZHUHSURGXFHGHYHQDW
7KLVZDVPXFKOHVVHUWKDQWKHOLPLWRIVWRQHFRDUVHDJJUHJDWH7KLVGLIIHUHQFHPD\EHGXHWKHGLIIHUHQFHLQFKHPLFDO
FRPSRVLWLRQ RI VWRQH DJJUHJDWH DQG NDQNDU DJJUHJDWH DQG WKH GLIIHUHQFH LQ WKHLU IRUPDWLRQ GXH WR ZKLFK WKH
SURSHUWLHVRIERWKW\SHVRIFRDUVHDJJUHJDWHVDUHGLIIHUHQWZKHQXVHGLQPRUWDU$VPRUHZDWHUDEVRUSWLRQPHDQV
OHVVGHQVLW\ DQG OHVV VWUHQJWK7KDW¶VZK\ WKLV OLPLW IRU FRDUVHNDQNDU OLPHZDVQHFHVVDU\ WRGHWHUPLQH6R DV WR
IDFLOLWDWH WKH FRQWUDFWRU WR FKRRVH FRDUVH NDQNDU OLPH IRUPL[ XVLQJ WKHVH VDPSOHV RI FRDUVH DJJUHJDWH ´ OLPH
PRUWDUFXEHVZHUHSUHSDUHGXVLQJWKHSURSRVHGVWDQGDUGUDWLRDQGDIWHUPRQWKVWKHFRPSUHVVLYHVWUHQJWK
ZDVFKHFNHGZKLFKLVVKRZQLQ)LJ



)LJ6WUHQJWKFRPSDULVRQEDVHGRQZDWHUDEVRUSWLRQRIFRDUVHNDQNDUOLPH

,W FDQEH LQIHUUHG IURP)LJ WKDW WKHUH LVYHU\VPDOOGLIIHUHQFH LQ WKHFRPSUHVVLYHVWUHQJWKRI WKHFXEHVKDYLQJ
FRDUVH NDQNDU DJJUHJDWH ZLWK ZDWHU DEVRUSWLRQ OHVV WKDQ RU HTXDO WR  WKDQ WKH RWKHU WKUHH VDPSOHV 6R DIWHU
ZLWQHVVLQJ WKHVH UHVXOWV LW LV SURSRVHG WKDW WKH FRDUVH NDQNDU OLPH ZKLFK LV WR EH XVHG LQ OLPH PRUWDU IRU
UHKDELOLWDWLRQPXVWKDYHZDWHUDEVRUSWLRQPD[LPXP XVLQJWKHPHWKRGGHVFULEHGLQ$670&
WR ILQG ZDWHU DEVRUSWLRQ RI FRDUVH DJJUHJDWH VR DV WR JHW PD[LPXP VWUHQJWK DQG FUDFN IUHH VXUIDFH LQ EULFN
PDVRQU\DVZHOODVLQSODVWHULQJUHVSHFWLYHO\
277 E. Mehmood et al. /  Procedia - Social and Behavioral Sciences  225 ( 2016 )  270 – 280 
 4.5. Gradation of coarse kankar lime 
,QVWDQGDUGL]DWLRQRIWKHPDWHULDOVLHYHDQDO\VLVOLPLWVDUHDOVRYHU\LPSRUWDQW
7KHFKDUDFWHULVWLFRI0XJKDODUFKLWHFWLVWKDWWKHUHPXVWEHWKHOD\HURIPRUWDUHTXDOWRWKHWKLFNQHVVRIWKHEULFN
WKH\ XVHG URXJKO\ HTXDO WR ´ 6R WKH FRPSUHVVLYH VWUHQJWK RI WKHPDWHULDO LV RI JUHDW LPSRUWDQFHZKLOH GRLQJ
UHKDELOLWDWLRQRIGHVWUXFWHGSDUWVRIZDOOV)RUWKDWSXUSRVHPD[LPXPGHQVLW\RIWKHPDWHULDOLVUHTXLUHGVRDVWRJHW
PD[LPXPFRPSUHVVLYHVWUHQJWK*UDGDWLRQRIFRDUVHNDQNDUOLPHLVYHU\QHFHVVDU\WRJHWUHTXLUHGGHQVLW\DVWKHUH
DUHVSHFLILHGOLPLWVIRUVWRQHFRDUVHDJJUHJDWHVZKLFKDUHXVHGLQFRQFUHWH
,QVWDQGDUGL]DWLRQRIWKHFRDUVHDJJUHJDWHPDWHULDOZHVWDUWHGZLWK$670&FULWHULDEXWLWZDVREVHUYHGWKDW
WKHPDWHULDO IDLOHG LQFRPSUHVVLRQDWYHU\ OHVVHU ORDG6RWKHUHZDVQHHGRIXSSHUDQGORZHU OLPLWV IRU WKHFRDUVH
DJJUHJDWH 7R ILQG RXW OLPLWV IRU WKLV ZH WRRN VDPSOHV ZLWK GLIIHUHQW JUDGDWLRQ RI SDUWLFOH VL]H WHQWDWLYHO\ %\
NHHSLQJDOOWKHSK\VLFDOSDUDPHWHUV:/UDWLR	SURSRUWLRQFRQVWDQW´ ´FXEHVZHUHSUHSDUHGDQGFRPSUHVVLYH
VWUHQJWKRIDOORIWKHVDPSOHVZDVFKHFNHGDIWHUPRQWKV7KHGXUDWLRQRIPRQWKVZDVVHOHFWHGEHFDXVHWKHOLPH
PRUWDUJHWVPD[LPXPSDUWRILWVILQDOVWUHQJWKDIWHURQHPRQWK,WZDVREVHUYHGWKDWVRPHRIWKHVDPSOHVJDYHYHU\
JRRGVWUHQJWKDQGRWKHUVIDLOHGDWYHU\OHVVFRPSUHVVLYHORDG7KHVDPHVDPSOHVZHUHDOVRWHVWHGE\OD\LQJLQZDOOV
WRFKHFNWKHSURSHUOLPLWVIRUWKHPDWHULDO,WZDVREVHUYHGWKDWWKHVDPSOHVZKLFKZHUHVWURQJLQFRPSUHVVLRQGLGQ¶W
JHWFUDFNHGZKLOHSODVWHUHGRQZDOO%\REVHUYLQJWKLVDVSHFLILHGOLPLWZDVSUHSDUHGIRUWKHFRDUVHDJJUHJDWHZLWK
LQZKLFKLI WKHPDWHULDOIDOOV WKHUHDUHPLQLPXPFKDQFHVRIFUDFNVZLWKPD[LPXPFRPSUHVVLYHVWUHQJWKSURYLGHG
WKDWRWKHUSDUDPHWHUVDUHDFFRUGLQJWRVWDQGDUG



)LJ*UDGDWLRQFXUYHVRIGLIIHUHQWFRDUVHDJJUHJDWHVDPSOHV
7KH)LJ VKRZV WKHJUDGDWLRQFXUYHVRIGLIIHUHQWFRDUVHDJJUHJDWH VDPSOHVDQG WKHSURSRVHG OLPLWVZKLFKZHUH
HVWDEOLVKHGDIWHUWHVWLQJWKHOLPHPRUWDU7KHOLPLWVDUHJLYHQLQWKH7DEOH


7DEOH
D 0D[LPXPOLPLW
6LHYH'HVLJQDWLRQ &XPXODWLYHDJHSDVVLQJ
òLQ 
LQ 
1R 

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
E 0LQLPXPOLPLW







,WZDVREVHUYHGWKDWZKHQWKHPDWHULDOZDVWHVWHGLQFRPSUHVVLRQXVLQJWKHDJJUHJDWHVIDOOLQJLQWKHOLPLWVRWKHU
SDUDPHWHUV OLNH :/ UDWLR ZDWHU DEVRUSWLRQ RI FRDUVH DJJUHJDWH ZDV VDPH IRU DOO VDPSOHV JDYH PXFK PRUH
VDWLVIDFWRU\ FRPSUHVVLYH VWUHQJWKZKHQ WHVWHG DIWHU  GD\V &XEHV RI ´ZHUH SUHSDUHG DQG WHVWHG RQ XQLYHUVDO
WHVWLQJPDFKLQHZKLFKLVEDVLFDOO\XVHGWRILQGFRPSUHVVLYHVWUHQJWKRIFRQFUHWHFXEHV7KHUHVXOWVRIFRPSUHVVLYH
VWUHQJWKDIWHUWZRPRQWKVRIFDVWLQJDUHJLYHQLQ)LJ


)LJ&RPSDULVRQRIFRPSUHVVLYHVWUHQJWKRIOLPHPRUWDUFXEHV
$IWHUGD\VWKHFRPSUHVVLYHVWUHQJWKRIWKHFXEHVZDVFKHFNHG,WZDVREVHUYHGWKDWWKHFXEHVFRQWDLQLQJFRDUVH
NDQNDUDJJUHJDWHZLWKLQWKHUDQJHZKLFKLVJLYHQLQ7DEOHJDYHFRPSUHVVLYHVWUHQJWKZLWKYHU\VPDOOGLIIHUHQFHLQ
VWUHQJWKZKLOHWKHDJJUHJDWHVIDOOLQJRXWVLGHWKHOLPLWVKDGFRPSUHVVLYHVWUHQJWKPXFKOHVVHUWKDQWKRVHRILQVLGHWKH
OLPLW7KLVZDVGXHWR WKHGHQVLW\RI WKHPL[:KHQWKHSDUWLFOHVRIFRDUVHDJJUHJDWHDUHZHOOJUDGHGGHQVLW\DQG
VWUHQJWKZLOOEHYHU\KLJKDQGYLFHYHUVD LVDOVR WUXH:KHQWKHFRDUVHNDQNDU OLPHXVHGZDVRXWVLGH WKHUDQJH LW
PHDQVWKHUHZHUHVRPHSDUWLFOHVL]HVPLVVLQJZKLFKGHILQLWHO\KDGFDXVHGWKHORRVHELQGLQJRIWKHPDWHULDO

4.5.1. Physical witnessing 
2QFH WKH OLPLWVRI WKHJUDGDWLRQZHUHHVWDEOLVKHG WKH OLPHPRUWDUFRQWDLQLQJ WKHFRDUVH
NDQNDUDJJUHJDWHZLWKLQDQGRXWVLGHWKHOLPLWZDVWHVWHGRQDPDVRQU\ZDOOE\NHHSLQJDOOWKHRWKHUSDUDPHWHUVVDPH
IRU DOO ,WZDV REVHUYHG WKDW WKHPDWHULDO FRQWDLQLQJ DJJUHJDWH IDOOLQJ LQ WKH OLPLW GLG QRW JHW FUDFNHGZKLOH WKH
VDPSOHRXWVLGHWKHOLPLWJRWFUDFNHGMXVWDIWHUIHZGD\VRIUHSDLURIZDOO6R WKHVHOLPLWVVXFFHVVIXOO\JLYHQYHU\
JRRGUHVXOWVWRXVHLQOLPHPRUWDUIRUUHSDLURIGHVWUXFWHGZDOOVZLWKRXWFRPSUHVVLRQIDLOXUH
7KH VDPH DJJUHJDWH OLPLWV FDQ EH XVHG WR SUHSDUH WKH OLPH PRUWDU IRU SODVWHULQJ DV LQ WKH EXLOGLQJ ZKHUH WKH
UHVHDUFKZRUNZDVFDUULHGRXWKDGSODVWHUWKLFNQHVVDSSUR[LPDWHO\´ZKHQFRQVWUXFWHG(YLGHQFHUHYHDOVWKHXVHRI
FRDUVHNDQNDUOLPHLQWKHSODVWHUHGVXUIDFHVDVZHOO7KH\0XJKDOWHFKQRORJLVWVPLJKWKDYHXVHGFRDUVHDJJUHJDWH
LQSODVWHUWRPDNHWKHVWUXFWXUHVHFRQRPLFDOEHFDXVH1+/1DWXUDOK\GUDXOLFOLPHZDVDFRVWO\PDWHULDODQGWRXVH
LWLQEXONFRXOGLQFUHDVHWKHFRVWRIFRQVWUXFWLRQ
,QWKHUHKDELOLWDWLRQLWLVDOVRQHFHVVDU\WRXVHFRDUVHNDQNDUOLPHLQSODVWHULQJ7KHFRDUVHDJJUHJDWHKDVQRWKLQJWR
GR LQ SODVWHU DV LQ EULFN PDVRQU\ LW LV XVHG MXVW WR PDNH WKH UHKDELOLWDWLRQ HFRQRPLFDO DV ZHOO DV RI VDPH
FRPSRVLWLRQDVFRQVWUXFWHGDQGDOVRWRUHGXFHVKULQNDJH6RWKHDJJUHJDWHWRVHOHFWIRUSODVWHULQJSXUSRVHFDQDOVR
6LHYH'HVLJQDWLRQ &XPXODWLYHDJHSDVVLQJ
òLQ 
LQ 
1R 
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EHWDNHQVDPHDVOLPLWV7DEOHRURXWVLGHWKHOLPLWLVDOVRDFFHSWDEOH


&RQFOXVLRQDQGUHFRPPHQGDWLRQV
7KH VWUHQJWK DQG FUDFNV LQ WKH NDQNDU OLPHPRUWDUZHUH WZRPDLQ SUREOHPV
ZKLFKKDGPDGH WKHXVHRINDQNDU OLPHPRUWDUYHU\GLIILFXOWEHIRUH WKLV UHVHDUFKZRUN$IWHUGHWDLOHGDQDO\VLVRI
VWUHQJWKGHYHORSLQJDQGFUDFNVFRQWUROOLQJSDUDPHWHUVVRPHVWDQGDUGVIRUWKLVPDWHULDOKDYHEHHQHVWDEOLVKHGDIWHU
FDUU\LQJRXWGLIIHUHQWWHVWVZKLFKLISURSHUO\IROORZHGJLYHVDWLVIDFWRU\UHVXOWV$VE\XVLQJWKHVHVWDQGDUGVPDWHULDO
ZDV FKHFNHG LQ WKH VDLG WRPE E\ FRQVLGHULQJ WKH JXLGHOLQHV RI SODFHPHQW RI PDWHULDO DV LQ OLWHUDWXUH DQG ZDV
ZLWQHVVHGIRUDSSUR[LPDWHO\RQH\HDU,WJDYHVDWLVIDFWRU\UHVXOWVDVSUHVHQWFRQGLWLRQLVVKRZQLQ)LJD	E




















7RXVHNDQNDU OLPHPRUWDU LQ WKHUHKDELOLWDWLRQRI WKHVDLGKLVWRULFDOEXLOGLQJRU LQDQ\RWKHUEXLOGLQJRI0XJKDO
SHULRGZKHUHNDQNDUOLPHPRUWDUZDVXVHGDWFRQVWUXFWLRQWLPH,WLVUHFRPPHQGHGWRSDVVWKURXJKWKHIROORZLQJ
VWHSVDVVKRZQLQ)LJWRJHWVDWLVIDFWRU\EHKDYLRXUIURPWKLVPDWHULDO



)LJ*XLGHOLQHVWRSUHSDUHWKH.DQNDUOLPHPRUWDU
D E
)LJ8VHRINDQNDUOLPHFRQVLGHULQJWKHSURSRVHGVWDQGDUGVD,Q3ODVWHULQJE,Q%ULFNPDVRQU\
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